Abstract. Section 112(m) of the 1990 Clean Air Act Amendments, referred to as the Great Waters Program, mandated an assessment of atmospheric deposition of hazardous air pollutants (HAPs) to Lake Champlain. Mercury (Hg) was listed as a priority HAP and has continued to be a high priority for a number of national and international programs. An assessment of the magnitude and seasonal variation of atmospheric Hg levels and deposition in the Lake Champlain basin was initiated in December 1992 which included event precipitation collection, as well as collection of vapor and particle phase Hg in ambient air. Sampling was performed at the Proctor Maple Research Center in Underhill Center, VT. The range in the annual volume-weighted mean concentration for Hg in precipitation was 7.8-10.5 ng/l for the 11-year sampling period and the average amount of Hg deposited with each precipitation event was 0.10 lg/m 2 . The average amount of Hg deposited through precipitation each year from 1993 to 2003 was 9.7 lg/m 2 /yr. A seasonal pattern for Hg in precipitation is clearly evident, with increased Hg concentrations and deposition observed during spring and summer months. While a clear trend in the 11-year event deposition record at Underhill was not observed, a significant decrease in the event max-to-monthly ratio was observed suggesting that a major source influence was controlled over time. Discrete precipitation events were responsible for significant fractions of the monthly and annual loading of Hg to the forested ecosystem in Vermont. Monthly-averaged temperatures were found to be moderately correlated with monthly volumeweighted mean Hg concentrations (r 2 =0.61) and Hg deposition (r 2 =0.67) recorded at the Vermont site. Meteorological analysis indicated the highest levels of Hg in precipitation were associated with regional transport from the west, southwest, and south during the warmer months.
Introduction
Mercury (Hg) is a toxic bioaccumulative substance found in aquatic ecosystems. Atmospheric deposition is widely recognized as an important link in the cycling of Hg in the environment (Lindqvist and Rhode, 1985; Mierle, 1990; Fitzgerald et al., 1991; Iverfeldt, 1991) . Lake Champlain, located in the northeastern United States on the border between northern New York State, Vermont, and Quebec, has been designated as one of the ''Great Waters'' by the 1990 Clean Air Act Amendments (CAA). The Great Waters Program was established in Section 112(m) of the CAA to identify and assess atmospheric deposition of hazardous air pollutants (HAPs) to the Great Lakes, Chesapeake Bay, Lake Champlain and coastal waters. include: (a) establishing atmospheric deposition stations to monitor deposition of HAPs within the Lake Champlain watershed, (b) determining the role of atmospheric deposition in the pollutant loading for the lake, and (c) investigating the sources of air pollutants deposited in the watershed.
Mercury concentrations exceeding fish consumption advisory limits have been documented for certain sport fish, and elevated levels of Hg and PCBs have been found in the sediments at many sites within Lake Champlain including those in the deep lake (McIntosh, 1994) . This report identified several lake-wide issues for future investigation, including the critical need to better understand how contaminants like Hg and PCBs are entering Lake Champlain. More recently the New England Governors and Canadian Premiers (2003) have identified that Hg releases to the environment with ''resulting public health and environmental impacts'' need to be addressed.
Atmospheric deposition has been implicated as a primary source of Hg to remote lakes in the Great Lakes region (Fitzgerald et al., 1991; Swain et al., 1992) . Atmospheric Hg deposition has also been shown to play a significant role in Hg loading to fresh water ecosystems and watersheds in Vermont and New England (Scherbatskoy et al., 1994 (Scherbatskoy et al., , 1998 Kamman and Engstrom, 2002) . While atmospheric deposition of acidic species and transport of these pollutants from the Midwest to New England has been documented (Butler et al., 1991) , relatively few studies have documented the transport and deposition of Hg to northern New England (Scherbatskoy et al., 1994; Burke et al., 1995; Macolm et al., 2003) . These Hg studies were all part of a coordinated long-term study of Hg cycling in the Lake Champlain watershed. Here we report on the only long-term event precipitation Hg data collected in the New England region, and the factors that influenced the atmospheric concentrations and deposition of this persistent, bioaccumulative contaminant.
Collection and analysis methods

Clean technique and acid cleaning procedure
Precipitation samples were processed and analyzed in a Class 100 clean room at the University of Michigan to avoid potential contamination. Clean room suits and particle-free gloves were worn at all times during preparation and analysis of samples. All field and analytical supplies used in the collection and analysis of Hg and trace element samples were prepared using an 11-day acidcleaning procedure (Landis and Keeler, 1997) to ensure that all materials that potentially came in contact with a sample were essentially Hg-free. Standard operating procedures included bottle blank determinations, which ensured that sampling bottles were Hg-free before they were used in the field. Furthermore, the entire precipitation sampling train, for both Hg and trace elements, was replaced with a freshly acid-cleaned set after each precipitation event.
Wet deposition sampling
The sampling site is located on the west slope of Mount Mansfield at the Proctor Maple Research Center (PMRC) at 400 m elevation. The PMRC is located in the Lake Champlain basin approximately 25 km east of the lake. No major urban or industrial areas exist within 200 km of the site. Wet-only event precipitation samples were collected using a modified MIC-B (MIC, Thornhill, Ontario) automatic precipitation collector (Landis and Keeler, 1997) . During the first 2 years of the study samples were collected into a 10 l borosilicate glass (BSG) vessel using the MIC-B with a Teflon-coated funnel which had an inlet area of 0.2 m 2 (Hoyer et al., 1995) . Samples were transferred from the 10 l BSG vessel into a 1 l BSG bottle immediately after collection. This approach was found to be difficult to implement on a large scale and the glass bottles were not as desirable due to breakage during shipment. Glass bottles were also not considered the best material for the collection of the other trace elements. In early summer of 1994 the system described in Landis and Keeler (1997) replaced the original one and remains in use. Enrichment and adsorption of trace metals in precipitation was minimized by the use of separate Hg and trace element sampling trains composed of different materials (Ross, 1986 (Ross, , 1990 . The Hg sampling train was comprised of a borosilicate glass funnel (collection area of 191 ± 9 cm 2 ), and a Teflon adapter, which
